Purpose Vanished twin (VT) has been associated with poor perinatal outcomes. Our research aimed to investigate the outcomes of pregnancies with vanished twin and its possible association with methylenetetrahydrofolate reductase (MTHFR) polymorphisms. Methods This study consisted of 30 of 38 VT pregnancies (group 1, VT group), 109 singletons (group 2), 70 spontaneous twins (group 3), and 101 in vitro fertilization (IVF)/intracytoplasmic sperm injection (ICSI) twins (group 4). Results Most patients in group 1 (28/30) were tested for MTHFR genes (C677T or A1298C polymorphisms). Eight of the 38 pregnancies with VT (21.1%) resulted in miscarriage. The prevalence of B2 or more pregnancy losses^in the Bobstetric historyî n group 1 was higher (23.3%) than those in the other groups (p = 0.007, χ 2 = 17.8). The allelic frequencies of MTHFR 677 and MTHFR 1298 in group 1 were 0.268 and 0.429, respectively (higher than those in healthy population). The median birthweights in groups 1, 2, 3, and 4 were 2940, 3200, 2300, and 2095 g, respectively. The prevalence of respiratory distress syndrome was significantly higher in the IVF/ICSI twin pregnancy group (p < 0.001, χ 2 = 21.2). Early pregnancy loss and the presence of B2 or more miscarriages^in the obstetric history of pregnancies with VT were more frequent. Conclusion The coincidence of VT and MTHFR polymorphisms might play an incidental or factual role in this connection.
Introduction
The vanished twin (VT) phenomenon is defined by the disappearance of an entire gestational sac or one of the fetuses after detection of cardiac activity during multiple pregnancies [1, 2] .
Previous studies showed that the prevalence of this phenomenon is approximately 30% among pregnancies that started with two sacs/embryos [3] [4] [5] . Evidence exists about VTs and triplets, and that these pregnancies have poorer obstetric and perinatal outcomes than other pregnancies with the same number of gestations without this complication [3] . The pathophysiology behind VT is thought to be the same as that of miscarriages, which are mainly due to genetic disorders that lead to formation of blighted ovum and early pregnancy loss (EPL) [2, 6] . A relationship between Bmethylation pathway disorders^(MTHFR polymorphisms) and poor pregnancy outcomes (repeated miscarriages, intrauterine growth retardation, preterm delivery, preeclampsia, and ablation placenta), as well as chromosomal abnormalities and congenital malformations, has also been reported [7] [8] [9] [10] [11] .
Methylenetetrahydrofolate reductase (MTHFR) reduces B5,10-methylenetetrahydrofolate^(5,10-methylene-THF) to B5-methyltetrahydrofolate^(5-methyl-THF), which is responsible for folate and vitamin B 12 -dependent remethylation of homocysteine to methionine through the activation of methionine synthase [12] . Thus, MTHFR polymorphism has been reported to be associated with the reduction of the enzyme activity, which leads to increased levels of homocysteine, impaired methionine metabolism, and abnormal methylation processes of nucleotides/DNA, which are most probably responsible for chromosome damage, congenital abnormalities, and miscarriage [10, [13] [14] [15] [16] . We believe that multiple pathophysiological processes are responsible from the formation of VT, and MTHFR polymorphisms might be one of the rationales behind these pathological conditions. MTHFR polymorphisms are also risk factors of thrombotic events, and special care is necessary in VT cases with this type of risk.
In this study, we evaluated the outcomes of BVT gestations^and compared them with those of singleton pregnancies, spontaneous twins, and twins conceived through assisted reproductive techniques (ART). We also investigated the possible relationship between the VT phenomenon and maternal polymorphisms of MTHFR genes.
Materials and methods
This retrospective study was composed of 30 VT pregnancies (group 1), whereas the control groups were composed of 109 singleton pregnancies (group 2), 70 spontaneous twin pregnancies (group 3), and 101 in vitro fertilization (IVF)/ intracytoplasmic sperm injection (ICSI) twin pregnancies (group 4). The patients in group 2 were randomly selected among all singletons eligible during the study period. The perinatal medicine registry and the University Hospital Electronic Database of Hacettepe University, Ankara, Turkey, were used for data withdrawal between January 2010 and December 2012. Next, we retrospectively evaluated the neonatal outcomes of 30 VT pregnancies (after the exclusion of eight early pregnancy losses among the 38 VT cases) and compared these with those of 109 singleton pregnancies (group 2), 70 spontaneous twins (group 3), and 101 IVF/ICSI twins (group 4). The demographic characteristics and medical and obstetric histories of the pregnant women were also recorded for further evaluation. Study groups were evaluated in terms of gestational age, birthweight, admission to the neonatal intensive care unit (NICU), retinopathy of prematurity (RoP), respiratory distress syndrome (RDS), intracranial hemorrhage (ICH), necrotizing enterocolitis (NEC), indirect hyperbilirubinemia (IHB), and sepsis.
At the beginning of the study, 38 patients had VT. Two of these cases were obtained from the Primary Antenatal Care Medicine Registry (PACMR; without MTHFR polymorphism results), and 36 were from the Perinatal Medicine Registry (PMR) and had full laboratory results. As described earlier, group 1 included 30 VT cases (2 PACMR and 28 from the PMR) after the exclusion of eight pregnancies with EPL.
Twenty-eight of the 30 VT cases were withdrawn from the PMR, which consisted of high-risk pregnancies and pregnancies with bad obstetric history (with full laboratory results). Searching for some genetic polymorphisms, including MTHFR mutation(s), is part of our routine practice for pregnancies with bad obstetric history (repeated miscarriages and obstetric complications) and in pregnant women with risk factors of thrombotic events. Inherently, follow-up protocols of perinatal medicine patients are different from the antenatal care program protocols of the obstetrics department. The number of ultrasonographic examinations and the type of laboratory tests also differed between the two different patient populations.
Almost all the patients (28/30) in group 1 had a laboratory workup for MTHFR polymorphism(s). Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) methods were used for the analyses of MTHFR polymorphisms (Applied Biosystems 3130/3130xl-Hitachi, 2007) [17] [18] [19] . Unfortunately, information regarding MTHFR polymorphisms was not available in the other groups. In addition, the necessary laboratory test results (factor V Leiden and prothrombin 20210A mutations, and antithrombin III activity, active protein C resistance, vitamin B 12 , folate, thyroid function tests, [auto]-antibodies [ANA, anti-cardiolipins, anti-phospholipids, APA, ASMA, Anti dsDNA, AMA, etc.], blood counts, liver enzymes, and blood groups) were also recorded in the VT group. All those tests were performed in the same laboratory.
The VT cohort consisted of patients with MTHFR polymorphisms who were carefully assigned to a specific treatment/management protocol (methionine-restricted diet, 100 mg/day salicylic acid, vitamins B 1 , B 2 , B 3 , B 6 , B 9 , and B 12 intakes) at least 3 months before getting pregnant, and low-dose low-molecular-weight heparin (LMWH; enoxaparine 1 × 2000 Anti-XA IU/0.2 ml/day) was started early in the subsequent pregnancies. Pre-pregnancy preparation and management were missing only in two patients (2/38, 5.3%) who were referred from the antenatal care program.
Statistical analysis was performed using Statistical Package for Social Sciences (SPSS) version 20. For comparison of the four groups in terms of qualitative data (e.g., NICU admission rate, and RDS rate), chi-square analysis was performed. A p value of < 0.05 was considered statistically significant. When a significant difference among the groups was found, the largest chi-square value was calculated to define the group, which made the difference. For quantitative data (e.g., birthweight), a between-group comparison was performed by using the Kruskal-Wallis test. The distributions of gestational ages and birthweights were not normal among the groups, so the median, minimum, and maximum values of these variables were used.
This study was approved by the institutional review board of Hacettepe University (GO 13/152-15).
Results
Eight of the 38 pregnancies with VT (21.1%) resulted in EPL, and the remaining 30 pregnant women delivered at our hospital (group 1). The VT group (group 1) was composed of ten IVF/ICSI pregnancies (10/30, 33.3%) and 20 spontaneous pregnancies (20/30, 66.6%).
After the exclusion of two patients without MTHFR polymorphism test results, we found that 85.7% (24/28) of the VT pregnancies delivered at our hospital had homozygous, compound heterozygous, and heterozygous MTHFR polymorphisms. The allelic frequency of MTHFR 677 and MTHFR 1298 in group 1 were 0.268 and 0.429, respectively. Moreover, 10.7% (3/28) and 14.3% (4/28) of the VT cases were found to be homozygous for the MTHFR C677T and A1298C polymorphisms, respectively.
Inthisstudy,wedemonstratedhigherrate(23.3%)ofB2ormore pregnancy losses^in the obstetric history of group 1 (VT pregnancies) than in those of the other groups (p = 0.007, χ 2 = 17.8). Table 1 shows the EPL rates of the study and control groups.
We found that the median gestational ages at birth were 36.0, 38.0, 35.0, and 34.0 weeks for groups 1, 2, 3, and 4, respectively. The number of neonates were 30, 109, 136, and 194 in the groups, respectively, while the stillbirth rates were 0% (0/30), 0% (0/109), 2.9% (4/140), and 4% (6/202) in the groups, respectively. Our results also show that the median birth weights in groups 1, 2, 3, and 4 were 2940, 3200, 2300, and 2095 g, respectively.
The neonatal outcome findings are presented in Table 2 . The rate of admission to the NICU was significantly different between the groups (p < 0.001, χ 2 = 112.2). The singletons had the lowest rate of admission to the NICU (15.6%), so this group caused the difference (χ 2 = 75.6). The prevalence of RDS was significantly higher in the IVF/ICSI twin pregnancy group (p < 0,001, χ 2 = 21.2). The prevalences of ICH and NEC were not significantly different between the groups (p = 0.416 and p = 0.461, respectively). Singletons had the lowest prevalence rate of IHB, and this was statistically significant (p = 0.001, χ 2 = 19.2). The prevalence of sepsis was not significantly different between the groups (p = 0.465). None of the newborns in this study had RoP, so statistical analysis could not be conducted.
The MTHFR polymorphisms of 28 of the 30 VT pregnancies are presented in Table 3 . Unexpectedly, only 14.3% (4/28) of the VT pregnancies had no MTHFR polymorphisms. Of the VT cases, 53.6% were found to be homozygous for MTHFR C677T or A1298C polymorphisms, or to be compound heterozygous (Table 3 ). The mean levels of homocysteine, folic acid, and cobalamine in the VT group were 10.24 ± 2.67 μmol/L, 15.86 ± 4.64 ng/mL, 305.96 ± 92.81 pmol/L, respectively.
We found that the newborns of the patients homozygous for the MTHFR C677T or A1298C polymorphisms or compound heterozygous had significantly higher rates of IHB (p = 0.044; Table 4 ).
Discussion
The biological facts behind VT are not clear, although this pathological condition is known for a long time [1, 20] . The result of VT due to some factors (genetic, inflammatory, metabolic, etc.) is the presence of necrotic tissue in utero. The presence of necrotic tissue is generally concurrent with inflammatory processes and thrombotic events, and may trigger various obstetric complications. Thus, the clinical importance of VT is the concern of physicians due to the nature of the problem.
In this study, we compared the obstetric histories and pregnancy outcomes of VT gestations with singletons and twin gestations (spontaneous and IVF/ICSI) to define a biological model for the occurrence of this pathological condition. During the organization of the study, we noticed that VT pregnancies came from a special type of patient population (patients with bad obstetric history). For this reason, we searched for VT pregnancies from Bthe presence of MTHFR polymorphisms^point of view by thinking that both VT and MTHFR polymorphisms may be risk factors of thrombotic events and bad obstetric outcome. An association has been described between VT and preterm delivery [3, 4, 20] . Meanwhile, an association between MTHFR polymorphisms and bad pregnancy outcomes (miscarriages and various obstetric complications including IUGR, preterm delivery, and preeclampsia) has also been reported [10, 11] . In this study, we demonstrated that the allelic frequencies of MTHFR 677 and MTHFR 1298 were 0.268 and 0.429, respectively, which were higher than those in the general populations [21, 22] . We have previously published the prevalence of MTHFR polymorphism(s) in our hospital population, which was consisted of 10,449 cases with various thrombotic risk factors (coronary artery diseases, thrombotic events, repeated miscarriages, etc.) [23] . The allelic frequencies of MTHFR 677 and MTHFR 1298 were 0.296 and 0.283, respectively [23] . There seems to be an association between VT occurrence and MTHFR polymorphisms, especially with MTHFR 1298 mutation. We also showed that 85.7% of VT pregnancies had homozygous, compound heterozygous, or heterozygous MTHFR polymorphisms.
In this study, we showed that 21.1% of VT pregnancies resulted in miscarriage. We also demonstrated a higher rate (23.3%) of B2 or more pregnancy losses^(repeated miscarriage) in the Bobstetric history^of VT pregnancies than in the other groups (p = 0.007, χ 2 = 17.8). Some publications reported an association between MTHFR polymorphisms and miscarriages [9, 24] . The high rate of miscarriage in the VT cases might be due the presence of MTHFR polymorphisms in these cases.
Previous studies reported that VT is a risk factor of lower birthweight than those of singleton pregnancies [4, 25] . In our study, the birthweights of the neonates in the VT group were lower than those of the singletons but better than those of other twin pregnancies as reported in other studies [20] . The reason of the lower birthweights in twin pregnancies has been reported to be most probably early placental crowding [25] . In this study, the outcomes of the VT pregnancies were not statistically significantly different from those of the singletons, most probably because almost all these cases were registered pre-conceptionally and were under specific care because of their MTHFR polymorphisms.
MTHFR is a critical enzyme that plays a role in folate metabolism and participates in Bmethylation-related enzyme pathways.^It converts dietary folate (methylenetetrahydrofolate) to active folate, which is the coenzyme of methionine synthase together with vitamin B 12 [26, 27] .This pathway is also critical in the methylation of nucleotide/DNA, which is important in regular DNA synthesis.
MTHFR polymorphisms may cause various medical disorders through different mechanisms [28] [29] [30] . One of the mechanisms is Bhyperhomocysteinemia,^which goes together with endothelial injury of vascular structures of different organs. Homocysteine is an endothelial-toxic amino acid, which is metabolized through methylation and trans-sulfurylation processes. It is accepted that hyperhomocysteinemia induces cardiac and cerebrovascular diseases. Those bloodstream problems associated with endothelial injury are also valid for placental vascular bed. Imbalance in homocysteine metabolism which is associated with reduced levels of S-adenosyl methionine (SAM) also leads to methylation problems in DNA by means of impaired one carbon metabolism associated with fetal malformations and aneuploidy [31] .
MTHFR polymorphisms also affect DNA synthesis by various routes, one of which is impaired DNA methylation, as mentioned earlier. The other mechanism is the accumulation of dietary folate (methylenetetrahydrofolate), which may cause adverse effects on dihydrofolate dehydrogenase-and thymidylate synthase-related pathways and DNA synthesis [26, 32, 33] . Chromosomal abnormalities have been reported to be responsible for first-trimester miscarriages in singleton pregnancies [34] . It was shown that MTHFR polymorphisms are associated with production of aneuploid embryos, implantation failures and may affect viability of embryos [16] . This might also be valid for VT pregnancies with MTHFR polymorphisms. Defective methylation associated with MTHFR polymorphisms contributes fertility problems also by means of defective spermatogenesis and impaired embryonic development [35, 36] . DNA methylation is involved in epigenetic control of gene expression [37] . Impaired methylation of DNA interferes expression of genes involved in trophoblastic functions including early trophoblastic differentiation and invasion leading to compromised placental development [38, 39] . Impaired invasion of interstitial cytotrophoblasts and defective remodeling of maternal spiral arteries were also thought to lead pregnancy loss [40] .
The rate of admission to the NICU is increased in twin pregnancies [41, 42] . In this study, we found similar results. We also found that the rate of respiratory distress syndrome (RDS) was significantly higher in the pregnancies with assisted reproductive technologies (ART). The only adverse finding in VT pregnancies was the Bhigher rate of IHB^in the patients with homozygous MTHFR polymorphisms.
In our study population, most VT pregnancies were under specific care because of their known Bbad obstetric historiesâ nd MTHFR polymorphisms, and this might be the reason of the favorable outcomes in these patients. The coincidence of VT and MTHFR polymorphisms might be incidental or factual natural connection.
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